During the warm season [2002][2003], the South American Low-Level Jet Experiment (SALLJEX) was carried out in southeastern South America. Taking advantage of the unique database collected in the region, a set of analyses is generated for the SALLJEX period assimilating all available data. The spatial and temporal resolution of this new set of analyses is higher than that of analyses available up to present for southeastern South America. The aim of this paper is to determine the impact of assimilating data into initial fields on mesoscale forecasts in the region, using the Brazilian Regional Atmospheric Modeling System (BRAMS) with particular emphasis on the South American LowLevel Jet (SALLJ) structure and on rainfall forecasts. For most variables, using analyses with data assimilated as initial fields has positive effects on short term forecast. Such effect is greater in wind variables, but not significant in forecasts longer than 24 hours. In particular, data assimilation does not improve forecasts of 24-hour accumulated rainfall, but it has slight positive effects on accumulated rainfall between 6 and 12 forecast hours. As the main focus is on the representation of the SALLJ, the effect of data assimilation in its forecast was explored. Results show that SALLJ is fairly predictable however assimilating additional observation data has small impact on the forecast of SALLJ timing and intensity. The strength of the SALLJ is underestimated independently of data assimilation. However, Root mean square error (RMSE) and BIAS values reveal the positive effect of data assimilation up to 18-hours forecasts with a greater impact near higher topography. Aproveitando-se da base de dados única coletados na região, um conjunto de análises foi gerado para o período SALLJEX, assimilando todos os dados disponíveis. A resolução espacial e temporal deste novo conjunto de análises é maior do que a das análises disponíveis até hoje para o sudeste da América do Sul. O objetivo deste trabalho é determinar o impacto de assimilação de dados em campos iniciais das previsões de mesoescala na região, utilizando o Brazilian Regional Atmospheric Modeling System (BRAMS), com ênfase particular na estrutura do Jato em Baixos Níveis na América do Sul (LLJSA) e nas previsões de precipitação. Para a maioria das variáveis, o efeito de utilizar as análises numéricas com dados assimilados nos campos iniciais é positivo nas previsões de curto prazo. Esse efeito é maior nas variáveis de vento, porém não é significativo nas previsões superiores a 24 horas. Em particular, a assimilação de dados não 
INTRODUCTION
Human activities are affected by major mesoscale atmospheric phenomena which are not detected by synopticscale analyses or forecasts. Increasingly reliable and accurate forecasts are needed for different activities. Consequently, the accuracy of numerical rainfall forecasts is an important challenge for meteorological prediction. Numerical forecast models fail to predict rainfall intensity and the spatial and temporal distribution of precipitating systems. So far the international scientific community has not been able to solve this problem and research continues, mainly using two basic tools: observations and numerical modeling.
Regional and mesoscale numerical forecast models have been extensively used in many countries to support research, and spatial and temporal resolution is being constantly improved (Weisman et al, 2008; Kain et al, 2008; Pielke, 2002; Warner et al., 1989; among others) . In southern South America, several experiments suggest that the use of this kind of models represents a step forward in simulating and forecasting mesoscale phenomena (Saulo et al, 2007; Nicolini and Saulo, 2006; Paegle et al., 2004; Nicolini et al., 2002 ; among others). However, deficiencies are observed, particularly in rainfall forecast. Saulo et al. (2001) and Saulo and Ferreira (2003) , identified rainfall deficits in the forecasts for the northern part of the La Plata Basin. In addition, the scarcity of data makes it difficult to assess model performance.
An important aspect for further studies is the impact of assimilating data into the initial fields on the quality of numerical model forecasts (Harms et al., 1992; Warner et al., 1989) . In the last years, mesoscale case studies were performed in different regions in the world, evaluating the impact on forecasts of assimilating different datasets such as rawinsonde observations, satellite data, surface data and special measurements made during field campaigns (Cherubini et al., 2006; Cucurull et al., 2004; Barker et al., 2004; Davolio and Buzzi, 2004; Faccani et al., 2003) . In all cases, results indicate that models perform better when an enriched initial field is used, although the impact is not always as good as expected or it is not observed on all the variables.
Enhancement of the observational network particularly in southeastern South America, is crucial because there are few regular observation stations. In Argentina, for instance, the current rawinsonde network is composed of 5 stations where only two observations a day are performed. A larger number of data would allow to generate a set of analyses to represent more accurately the state of the atmosphere, and to be used as initial condition in forecast models while making it possible to improve model performance assessments. Consequently, during the warm season [2002] [2003] , the South American Low-Level Jet Experiment (SALLJEX) was carried out in southeastern South America, aimed at gathering a set of data that would contribute to advance documentation and characterization of the low level jet east of the Andes (SALLJ) as well as the associated rainfall in the region. The operational rainfall network and the spatial and temporal density of rawinsonde and pilot balloon observations were enhanced during SALLJEX. A description of the data obtained during SALLJEX can be found in Vera et al. (2006) . A set of analyses was generated using that database and the Brazilian Regional Atmospheric Modeling System (BRAMS) assimilating all available data. The horizontal resolution achieved is 20 km and the temporal resolution is 3 hours, as described in García Skabar and Nicolini (2009) .
The impact of data assimilation on forecasts for the period 15 -24 January 2003 and using SALLJEX data were examined by Cavalcanti and Herdies (2004) . Those authors assimilated only the special SALLJEX rawinsonde observations. Pilots balloons were not included in that study. They applied the data assimilation system Global Physical-space Statistical Analysis System (GPSAS) with horizontal resolution of 100km. The authors assessed the impact of data assimilation on the analyses and forecasts. They found that both, analyses and forecasts have a positive impact on the representation of vertical structure of humidity and meridional wind component in a site close to Santa Cruz de la Sierra, Bolivia, matching rawinsonde observations better after data assimilation.
As to the impact of data assimilation on the BRAMS model forecasts, Hallak and Silva Dias (1996) found that the assimilation cycle of additional rawinsonde observations and surface data significantly improved model performance
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by resolving the spatial dimensions of mesoscale systems.
In that case study authors assimilated additional data every 6 hours. Another case study in the region also determined that assimilating the data available from the operational network and observations from seven pilot balloons from the PACS/ SONET network into NCEP reanalyses was not enough to achieve satisfactory improvements in BRAMS rainfall forecasts (Nicolini et al, 2002) . In southeastern South America, studies on the impact of data assimilation on forecasts have been restricted to case studies or short periods. Previous effort was focused on generating a set of enriched analyses in which mesoscale data obtained during SALLJEX had been assimilated. Present work addresses how sensitive are BRAMS model forecasts to data assimilation instead. The main objective of this paper is to determine the impact of using enriched analyses as initial condition on BRAMS model forecast. Special emphasis is placed on rainfall and SALLJ structure forecasts. Results were evaluated in the three-month period of the field experiment.
Section 2 describes the data and methodology. Section 3 describes the verification methodology applied and discusses the results. Finally, conclusions are included in Section 4.
DATA AND METHODOLOGY

Methodology for analysis and data assimilation
In this section a brief description of the methodology applied to generate enriched analyses is presented. A more detailed description of observations included and methodology used to generate the different sets of analyses can be found in García Skabar and Nicolini (2009) .
The SALLJEX was conducted from 15 November 2002 to 15 February 2003, deploying a dense rain-gauge network and enhancing the spatial and temporal density of rawinsonde (RAOBS) and pilot balloon observations (PAOBS) in southeastern South America. The location of observational stations is shown in Figure 1 and Table 1 presents the number of assimilated data from each of the subsets in the entire period.
Enriched analyses were generated using version 3.2 of the BRAMS model, that was developed originally at the University of Colorado (Cotton et al., 2003) , and modified jointly by ATMET (Atmospheric, Meteorological and Environmental Technologies), IME-IAG/USP (Institute of Mathematics and Statistics -Institute of Astronomy, Geophysics and Atmospheric Operational analyses generated by the Global Data Assimilation System (GDAS) of the National Oceanic and Atmospheric Administration/ National Centers for Environmental Prediction (NOAA/NCEP) with 26 vertical levels, 1º horizontal resolution and 6-hour temporal resolution were used as first guess analyses. In a first step, a set of analyses was generated for the entire period without assimilating data to achieve 3-hourly analyses -hereafter called ANASD. These analyses have higher spatial and temporal resolution than GDAS. In a second step, ANASD analyses were used as first guess and all available data were assimilated. The set of analyses obtained was called ANACD. While the ANASD were obtained from GDAS analyses; the ANACD were generated using ANASD as first guess and modified with all the available data.
The process resulted in two 3-hourly analysis sets (ANASD and ANACD) covering the 3 months period. 
Forecast setup
The model setup was defined after several numerical tests with different physical options for specific cases. In particular, the same two nested grids that were used to generate analyses were applied to obtain the forecasts (Figure 2 ). 72 hour forecasts were performed, starting at 1200 UTC every day, for the period between 15 November 2002 and 15 February 2003 using vertical coordinate shaved-eta (Adcroft et al,1997) . Nine soil levels are used as well as 29 vertical levels in the atmosphere, with 18 levels in the first 12 km and the top of the model located at approximately 23 km.. At both resolutions, parameterizations were activated for both shallow (Souza and Silva, 2002) and deep convection. Deep convection was represented by Grell's parameterization and closure (Grell and Devenyi. 2002) . The "bulk water" scheme was used to represent the microphysics of 8 water species. Radiation was parameterized as described in Chen and Cotton (1983) . Vertical and horizontal sub-grid turbulence was simulated through the schemes of Mellor and Yamada (1982) and Smagorinsky (1963) respectively. Topographic data with a resolution of about 1km provided by the United States Geological Survey (USGS); land use and vegetation cover data with a resolution of 1km from the International Geosphere-Biosphere Programme (http://edcdaac.usgs.gov/glccc) and soil types with spatial resolution of 5 km from FAO/UNESCO (http://daac.gsfs.nasa. gov) were fed into the model. Other data used were weekly sea surface temperature fields provided by NCEP version OI.v2 with a resolution of 100 km and described in Reynolds et al. (2002) ; daily soil moisture fields from USP (Gevaerd and Freitas, 2006) . Boundary conditions were taken from Global Forecast System (GFS) of NOAA/NCEP every 12 hours.
Two forecast sets were obtained for the whole SALLJEX period using the same setup but different initial conditions. One with no assimilated data (ANASD), where only interpolation from GDAS analysis was performed, and the other with the set of enriched analyses, that assimilated all surface and upper-level data from the operational network, as well as rawinsonde and special pilot balloon observations from SALLJEX (ANACD).
FORECAST VERIFICATION
Temperature, humidity and wind
Methodology
The statistics used to analyze the difference between forecasts are the root mean square error (RMSE) and the bias (BIAS), which are defined as:
where N is the total number of observations, subscript f indicates forecast and o, observed. X, a variable. RMSE and BIAS values were calculated for the following variables: temperature, moisture and zonal and meridional wind components at 15 fixed vertical levels (100, 300, 600, 900, 1200, 1700, 2300, 2900, 3700, 4600, 5600, 6700, 8700, 10700 and 12700 m.a.m.s.l.) and at the surface. Verifications were made on the highest resolution domain.
Forecast BIASes and RMSEs are calculated respect to observations and ANACD analyses. In the case of observations, for each variable and level, calculations using all the available data in the period resulted in one RMSE and one BIAS value. For each observed vertical profile the closest grid point was determined to generate a predicted profile. Each statistic value was obtained out of a maximum of about 800 data. However, the number of data varies depending on the verification
time and the vertical level, particularly in the case of pilot balloon observations. In the case of ANACD, the number of data involved in each statistic value was quite different and calculations were made at each point of the highest resolution grid (91x86 points). One RMSE and BIAS value was obtained for each variable, each level and each analysis time; all these were then averaged over the period. For statistics calculated at the grid points, both forecasts -those initialized with ANASD and ANACD-were compared with ANACD analyses.
Statistics were calculated separately for pilot balloon and rawinsonde observations. Verification against observed data was made for the time when the greatest number of data was available. For rawinsonde observations, these times are 0000 and 1200 UTC, which means that forecasts were evaluated at 12, 24, 36, 48, 60 and 72 hours. The number of data available varies significantly between 0000 and 1200 UTC, with about 200 rawinsonde observations at 0000UTC and 600 at 1200UTC. Pilot balloon observations were considered at 2100 UTC instead of 0000 UTC. This means that forecasts were verified at 9, 33, and 57 hours instead of 12, 36 and 60 hours, with about 700 observations at 1200 UTC, and 850 at 2100 UTC. In the case of comparisons with enriched analyses, the verification was made every 3 hours, at all available times.
It is worth to mention that we compare forecasts with analysis or data that were not included as initial condition in the forecast, as they correspond to a later time than those used as initial condition for the specific time forecast we are assessing. Anyway, the use as reference of the same set of analyses that were used as initial condition in the forecast could be generating some minor benefits for the experiment with data assimilation.
Verification of vertical profiles against enriched analyses and observations
Figures 3 and 4 show the RMSE and BIAS vertical profiles respectively, for temperature, water vapor mixing ratio and wind components, compared with the ANACD analyses and the observations. Only the results obtained for 12-hour forecasts against ANACD analyses and rawinsonde observations that verified at 0000 UTC are shown. In the case of the comparison with pilot balloons, results are shown for 9 and 33-hour forecasts that verified at 2100 UTC.
Forecast verification respect to enriched analysis shows that initial fields with assimilated data have positive impacts on RMSE and BIAS values. Such effect can be observed in the wind field and it is not so evident in thermodynamic variables ( Fig.2a and 3a) and is most observable in 12-hour forecasts.
The comparison of RMSE and BIAS vertical profiles with rawinsonde observations (Fig. 3b and 4b) , showed no significant effects of data assimilation on any of the variables. The same exercise done with pilot balloon observations showed smaller RMSEs in 9 hour forecasts after data assimilation ( Fig. 3c and  3d) . As in the case of analyses, this difference also decreases with increasing forecast time. It is worth mentioning that in this case the positive effect of data assimilation on the meridional wind component can be observed even in 48 hour-forecasts. For all forecast times, the BIAS of both wind components is closer to zero when using enriched datasets ( Fig. 4c and 4d) .
For surface data (not shown), data assimilation only gave smaller wind variable RMSES in the first 6 forecast hours. No impact of data assimilation for thermodynamic variables was observed. 
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Volume 29(3) Figure 3 -RMSE vertical profiles for the SALLJEX period for 12-hour forecasts verified at 0000 UTC using different initial fields a) with respect to ANACD and b) with respect to rawinsonde observations. c) and d) 9 and 33-hour forecasts verified at 2100 UTC against pilot balloons.
BIAS profiles (Fig. 4) show that the model underestimates temperature at low-levels and overestimates it at upper levels with a consequent stabilization effect along the temperature profile, but this is observed in both forecasts. The mixing ratio is underestimated at levels above 2000 m. The BIAS of the zonal and meridional wind components shows that westerly winds are underestimated at all vertical levels. BIASes obtained for the meridional wind component reflect an underestimate of northerly wind below 7000m. This means that the strength of the SALLJ is underestimated by both model forecasts, but the underestimation is slightly smaller when initial fields with assimilated data are used. Figure 5 shows the difference (%) between RMSE of forecasts initialized with ANACD and ANASD respect to their average at different forecast times at 1700 and 2900m for temperature and the meridional wind component. The figure shows that the impact of data assimilation on the forecast decreases with increasing forecast time. After 24 hours this difference represents less than 5% of the error. The rapid weakening of the impact of assimilating data in the initial forecast field may be related to the size of the nested domain. If the horizontal extent of the domain was greater the impact would have been observed in longer forecast times. This may be related to propagation out of the domain after 24 hours of systems that have been better represented through data assimilation at the initial conditions.
All the comparisons show that data assimilation in the initial fields affects forecasts. The effect is greater on the wind field than on temperature and humidity. The impact is even greater when results are compared with pilot balloobn data, showing the benefits of data assimilation even in 48 hourforecasts. This is partly because rawinsonde observations of the operational network had been assimilated in the GDAS analyses used as first guess fields, contrary to SALLJEX pilot balloon data which had not been previously assimilated.
SALLJ forecast verification
The SALLJ is the northerly low level jet that occurs just east of the Andes. It represents an effective mechanism of moisture transport from tropical to subtropical latitudes, and therefore has a fundamental role on rainfall in southeastern South America (Berbery and Barros, 2002). SALLJ occurrence can be identified by criterion 1 of Bonner (Bonner, 1968) , i.e., when maximum speed is greater than 12 m/s at low levels (850 or 925 hPa) and wind shear is greater than 6 m/s above the lowlevel maximum. SALLJ events have different characteristics, a description and classification of different cases can be found in .
To evaluate if SALLJ forecasts can be improved using enriched initial fields, the wind field was analyzed in greater detail at the levels with maximum values in the area covered by the high resolution domain. Hovmöller diagrams were made with the forecasts and the analyses at fixed latitudes for the different variables that describe the SALLJ. Figure 6 shows Hovmöller diagrams comparing the ANACD meridional wind component at 1700 m with 6 and 12 hours forecasts initialized with ANASD and ANACD at 20ºS latitude. The meridional wind 322 Yanina García Skabar e Matilde Nicolini.
Volume 29 (3) component is satisfactorily represented in both forecasts, but the expected differences between them are almost not observable. The diagrams show that both forecasts follow satisfactorily the sequence of events with northerly and southerly winds. The peaks observed in the analyses can also be found in the forecasts. The speed of the meridional wind component is represented correctly in the forecasts. The comparison of the forecasts with and without assimilated data shows a slight positive impact of data assimilation during the first 6 forecast hours ( Figures  6a-6c ). As the forecast time advances, the differences decrease (Figures 6c and 6f) . These results show that SALLJ is fairly predictable and that assimilating additional observations has small impact on the forecast of SALLJ timing and intensity.
To evaluate the effect of data assimilation throughout the domain, spatial distributions of RMSE and BIAS were also obtained between both forecasts and the enriched analyses. The fields were analyzed in the region located between 55 and 64º W and 32 and 20º S. Figure 7 shows RMSE and BIAS fields for the 12 hour-forecasts of the meridional wind component at 1700m. RMSE and BIAS differences between forecasts initialized with ANASD and ANACD reveal the positive effect of data assimilation in the entire field. A greater impact is observed in the west side of the domain, where topography is higher. (Figure not shown) .
During the first days of February an intense SALLJ event occurred, identified as a SALLJ Chaco according to definition of Nicolini and Saulo (2000) , which reached subtropical latitudes up to at least 25ºS. At that time an intensive observation period was being carried out, with 3 or 4 rawinsondes and 8 pilot balloons per day at selected sites along the SALLJ axis. Figure  8 shows the evolution of 18 hours forecasts of the vertical wind profile in Resistencia from 3 to 8 February 2003 at 0600 UTC. Four profiles are observed in the figure, i.e., forecasts initialized with ANASD and ANACD, observations and ANACD. Forecasts initialized with enriched analyses better represent the SALLJ than forecasts initialized with ANASD, although all forecasts fail to predict the maximum observed SALLJ speed.
Based on these results, we find that the model is able to forecast SALLJ events, but it underestimates maximum wind speeds. Although the impact of data assimilation on the SALLJ related fields is weak, a positive impact can be observed in the first 24 hours, the most significant being the first 12 forecast hours. Considering that SALLJ speed peaks occur at night and the short duration of the positive impact of data assimilation on the forecast, a more convenient forecast initialization time would be 0000 UTC instead of 1200 UTC.
RAINFALL
Methodology
The region selected to verify rainfall forecasts stretches from 53 to 63º W and 22º to 40º S (Figure 9 ). This domain was selected for the following reasons:
• It is completely covered by the highest resolution grid • The rainfall database available in the region during the SALLJEX period has the greatest spatial density (about 1200 additional daily rain gauge observations).
• Intense rainfall associated with significant SALLJ events occurs frequently within this region.
To perform forecast verifications, data measured over an irregular observation network were converted into regularly distributed points. To do so, observations were averaged in 0.5º latitude by 0.5º longitude boxes within the domain. Boxes with missing data were assigned indefinite rainfall values and were not included in the verification. The percentage of days with indefinite values per box in the SALLJEX period is shown in Figure 9 . This methodology differs from the interpolation Setembro 2014
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techniques usually applied to represent observed rainfall fields such as kriging (Davies, 1973) , which smoothes rainfall and generates rainfall values in areas lacking observations. Thus, comparison is stricter since no verification is made at the points where data are not available, and no interpolations but just averages are used in the boxes containing data. Liebmann and Allured (2005) used a similar methodology to generate a gridded historical database in South America.
To perform the verification the data and forecasts need to be on a common grid . So, forecast rainfall values were averaged at the grid points included in each box.
Forecast rainfall was verified using the Equitable Treath Score (ETS) and BIASPP, statistics following the definition of Mesinger, 1996: where F is the number of boxes where rainfall is forecast, O is the number of boxes where it is observed, H is the number of boxes where it is both forecast and observed and N is the number of boxes with data in the entire verification domain. These statistics were used by Saulo and Ferreira (2003) to verify rainfall forecasts in southern South America.
Both the ETS and the BIASPP were calculated for eight rainfall thresholds (0.25, 2.50, 6.30, 12.7, 19.0, 25.4, 38.1 and 50.8 mm) . Most data are accumulated rainfall in 24-hour periods -coinciding with the pluviometric day. Values obtained for each forecast were compared with rainfall persistence.
A quantitative verification of rainfall forecasts was made by generating fields of accumulated rainfall in the entire period for the observations as well as for the two forecasts. Forecasts of 24 hours accumulated rainfall were evaluated taking into account the first 24 hs, the period between 24 and 48 hours and between 48 and 72 hours.
Since the impact of enriched analysis on the forecasts is greater in the first forecast times, accumulated rainfall forecasts were assessed also in 6-hour periods. Raingauge observations were considered from 13 Argentine meteorological stations from the operational network of the National Weather Service which informs the amount of rainfall accumulated in 6 hours. The differences between model forecasts and observations are due to model errors and partly to the scale of observations. The values observed at a given station were compared with the averaged forecast of the 4 grid points closest to that meteorological station. The location of the stations is shown in Figure 9 . RMSE and BIAS were calculated for 6-hour accumulated rainfall, in the 6, 12, 18 and 24-hour forecasts, only in the high-resolution grid. Figure 10 shows the values of ETS and BIASPP of 24-and 48-hour forecasts of 24 hour accumulated rainfall initialized with the different analyses in the SALLJEX period. The comparison of ETS values obtained for the different forecasts, in general, revealed that data assimilation did not improve model performance. Small positive impact of data assimilation on the 24-and 48-hour forecasts was only observed at low rainfall. For all forecast times, ETS values were greater than the persistence. As might be expected, ETS values decrease with increasing threshold and forecast time.
Results
The analysis of BIASPP values shows that forecasts overestimate rainfall areas at low thresholds and underestimate them at high thresholds. In the 24-hour forecast BIASPP was smaller for all thresholds after data assimilation, which means that the forecast rainfall area is smaller when using an enriched initial field. This is good for low thresholds where forecasts overestimate the rainfall area, but at high thresholds using enriched initial fields results in even greater underestimates. The differences between the BIASPPs of forecasts initialized with and without enriched analyses are not observable in 48 or more hour forecasts.
Accumulated rainfall in the 92-day period is shown in Figure 11 for observations and for both 24-hour forecasts considered. In the regions with more data (Fig. 9) , rainfall is underestimated in all forecasts and the underestimate increases after data assimilation, which agrees with the BIASSPP results. The same verification for rainfall accumulated between 24 and 48 hours and between 48 and 72 hours gives similar results However, as the forecast time increases, differences between forecasts with and without assimilated data tend to decrease. BIAS temperature profiles in the area where precipitation forecasts were verified show that in the first 12 hour forecast temperature decreases at lower layers when ANACD was used as initial field stabilizing the temperature gradient (not shown). This might partially explain the smaller rainfall areas and the smaller rainfall amount forecasted. The analysis showed that the impact of assimilating data into the model can only be observed in the first 24 hours. In the case of rainfall, starting with enriched initial fields does not improve model performance, at least when assessing rainfall accumulated in a 24-hour period. Forecast rainfall area and amount decrease when an enriched initial field is used.
In order to analyze if the impact of data assimilation on the rainfall forecast is greater in the shorter term, Table 2 presents the RMSE values obtained for the 13 meteorological stations considered, for rainfall accumulated in the last 6 hours of 6, 12, 18 and 24 hour forecasts, in generated forecasts using both enriched and not enriched initial fields. RMSEs of accumulated rainfall forecasts between 6 and 12 forecast hours decrease at all stations when forecasts are initialized with enriched analysis, except in Corrientes. In the remaining cases, results vary depending on the meteorological station considered. As mentioned before, it has to be taken into account that rain gauges provide observations at a point and model results have greater spatial representativeness. For example, at two neighboring sites -Resistencia and Corrientes-different RMSE values were obtained, where due to spatial resolution of the model the same amounts of rainfall were forecasted at both locations. In general, BIAS values are negative (not shown), which indicates that rainfall is underestimated. However most of the calculated values were smaller than 1 mm. BIAS estimates did not reveal any improvements in model performance when runs were initialized with enriched analyses.
CONCLUSIONS
For most variables, a positive short term impact on forecasts was observed when using analyses with data assimilated as initial field. Such impact is observable until 24 hour forecasts. This short time impact might be due to the size of the nested domain Effects are stronger on wind variables than on thermodynamic ones. In addition, better results were obtained when pilot balloon wind observations were assimilated. This result is very useful to plan improvements in upper-level observation networks, considering that pilot balloons are much cheaper than rawinsondes.
Both forecasts reproduce the temporal and spatial location of the SALLJ meridional wind component maxima and minima fairly well, but they underestimate the maximum SALLJ speed. The analysis of the RMSE and BIAS of SALLJ associated variables shows that enriched initial fields produce better 6-and 12-hour forecasts. The impact is much weaker in 18-and 24-hour forecasts. Also the impact on the analyses increases with decreasing distance to the mountains, because models fail to represent adequately the fields of atmospheric variables in areas with complex topography. In mountainous regions, the errors of the analyses not assimilating data are greater than in flat regions. Enriched analyses contribute to obtaining more realistic forecasts in areas located closer to the Andes. Positive impacts are not observable in the verification of 24-hour accumulated rainfall forecasts. Rainfall is underestimated in 24 hours forecasts and the underestimation increases when analyses with data assimilated are used as initial fields. For rainfall accumulated over a shorter period, the verification of 6-hour accumulated rainfall against observations shows that 12-hour forecasts represent rainfall better when using an enriched initial field. This result may be revealing that enriched initial fields have positive effects even on rainfall, though only in the first 12 forecast hours. Nicolini and Saulo (2006) and found that the heaviest rainfall events and the most intense convective activity occur during nighttime in the study region. In view of all this, maybe a way of improving predictions is initializing forecasts in the last hours of the afternoon and advancing 6 to 18 hour forecasts to cover more accurately the nighttime period. This will also make it possible to define the SALLJ more accurately at the time when its maximum intensity occurs, considering that the greatest impact of data assimilation is observed in the first 12 hours.
In summary, although positive impacts on the forecast of wind variables, temperature and humidity are observed when using enriched initial fields, this impact does not last longer than 24 hours and does not improve forecasts of 24-hour accumulated rainfall. A slightly positive impact on the rainfall forecast is observed in rainfall accumulated between 6 and 12 forecast hours. We found that starting with a set of analyses whose values are closer to the real field has slightly improved forecasts. The results obtained for this particular forecast set are difficult to generalize, given their strong dependence on the model, the selected setup and the assimilation methodology which may be the main cause of not achieving greater impacts on the forecasts.
